ABSTRACT Background: Dietary guidelines recommend increasing fruit and vegetable intake and, most recently, have also suggested increasing variety. Objective: We prospectively examined the independent roles of quantity and variety in fruit and vegetable intake in relation to incident coronary heart disease (CHD). Design: We prospectively followed 71,141 women from the Nurses' Health Study and 42,135 men from the Health Professionals Follow-Up Study who were free of diabetes, cardiovascular diseases, and cancer at baseline. Diet was assessed by using a validated questionnaire and updated every 4 y. Variety was defined as the number of unique fruit and vegetables consumed at least once per week. Potatoes, legumes, and fruit juices were not included in our definition of fruit and vegetables. Results: During follow-up, we documented 2582 CHD cases in women and 3607 cases in men. In multivariable analyses, after adjustment for dietary and nondietary covariates, those in the highest quintile of fruit and vegetable intake had a 17% lower risk (95% CI: 9%, 24%) of CHD. A higher consumption of citrus fruit, green leafy vegetables, and b-carotene-and vitamin C-rich fruit and vegetables was associated with a lower CHD risk. Conversely, quantity-adjusted variety was not associated with CHD. Conclusions: Our data suggest that absolute quantity, rather than variety, in fruit and vegetable intake is associated with a significantly lower risk of CHD. Nevertheless, consumption of specific fruit and vegetable subgroups was associated with a lower CHD risk. Am J Clin Nutr 2013;98:1514-23.
INTRODUCTION
Of the several dietary factors implicated in coronary heart disease (CHD) 4 prevention, the evidence is most consistent for fruit and vegetables (1, 2) . Dietary recommendations have repeatedly underscored the value of increasing intakes of fruit and vegetables in the diet, and, most recently, have also highlighted the importance of greater variety. For example, the most recent American Heart Association diet and lifestyle guidelines for cardiovascular disease risk reduction have issued a recommendation to consume a variety of fruit and vegetables (3) . Likewise, the 2010 Dietary Guidelines for Americans emphasize the importance of increased fruit and vegetable intake and greater variety (4).
In a few cross-sectional studies, higher variety scores for fruit and vegetable intake were associated with lower odds of the metabolic syndrome, obesity, hypercholesterolemia, and hypertension (5, 6) . However, these studies did not entirely separate the concept of variety from quantity, because those with greater variety also had greater intakes of fruit and vegetables. Therefore, it is not clear whether the observed associations for variety were independent of quantity of consumption. We previously reported on the association of fruit and vegetable intake with risk of CHD over 8-14 y of follow-up and observed that for every one serving greater intake of fruit and vegetables per day, risk of CHD was lower by 4% (7) . The primary objective of this study was to examine the independent associations of quantity and variety in fruit and vegetable intake in relation to incident CHD over a longer period of time in the Nurses' Health Study (NHS) and the Health Professionals Follow-Up Study (HPFS).
SUBJECTS AND METHODS

Study population
The NHS was initiated in 1976 as a prospective cohort study of 121,701 female registered nurses, 30-55 y of age, from 11 US states. The HPFS is a prospective cohort study of 51, 529 male health professionals, 40-75 y of age, from all 50 states that began in 1986. In both cohorts, information on medical history, lifestyle, potential risk factors, and disease diagnosis, were updated every 2 y with the use of validated questionnaires (8, 9) .
For the current investigation, we excluded participants with incomplete dietary assessments or with previously diagnosed cancer, diabetes, or cardiovascular disease at baseline (1984 for NHS, 1986 for HPFS).We also excluded women who left $10 items blank on the food-frequency questionnaire (FFQ) or those with implausible energy intakes (,500 or .3500 kcal/d). Men who left $70 items blank on the FFQ or who reported daily energy intake outside the plausible range of 800 to 4200 calories were also excluded. We also excluded participants without baseline information on fruit and vegetable intake or follow-up information on CHD diagnosis date (see Supplemental Table S1 under "Supplemental data" in the online issue). The final population consisted of 71,141 women and 42,135 men with complete information. The study was approved by the Human Research Committee of Brigham and Women's Hospital in Boston. All participants gave informed consent.
Ascertainment of diet
Diet was first comprehensively assessed in 1984 in the NHS and in 1986 in the HPFS by using a 126-item semiquantitative FFQ. Therefore, the baseline for the analyses is 1984 for women and 1986 for men. Beginning in 1986, in NHS and HPFS, the FFQ was sent to participants every 4 y to update information on their diet. The reproducibility and validity of these FFQs in measuring food intake have been described previously in detail (10) (11) (12) (13) . The FFQ asked participants to report their usual intake (never to $6 times/d) of a standard portion size (eg, 0.5 cups strawberries, 1 banana, 0.5 cups cooked spinach) of fruit and vegetables. Frequencies and portions for the individual food items were converted to average daily intake of each fruit and vegetable item for each participant. Average daily intakes of individual fruit and vegetable items were summed to compute total fruit and vegetable intake and intakes of fruit and vegetable subgroups. Definitions of the various subgroups (citrus fruit, green leafy vegetables, cruciferous vegetables, and fruit and vegetables rich in b-carotene, lutein, lycopene, or vitamin C) were adapted from our previous study (7) and a study by Steinmetz et al (14) and are presented as supplemental data (see Supplemental Table S2 under "Supplemental data" in the online issue). We did not include potatoes, soy, or other legumes in our definition of vegetables. Because, the American Heart Association does not consider fruit juice to be equivalent to whole fruit (3), fruit juice was not included in our analyses. Variety in fruit and vegetable intake was defined as the total number of unique fruit and vegetables consumed at least once per week. To account for minor differences in the number of fruit and vegetable items assessed at each follow-up cycle, we standardized our variety score to 30 (11 for fruit score and 19 for vegetable score).
Ascertainment of endpoint
The primary endpoint for this study was nonfatal myocardial infarction or fatal CHD occurring after the return of the 1984 FFQ but before 1 June 2008 in women and after return of the 1986 questionnaire but before 1 January 2008 in men. Participants (or next of kin for deceased) reporting a primary endpoint were asked for permission to have their medical records reviewed by physicians who were blinded to the participant's risk factor status. Myocardial infarction was confirmed by using the WHO criteria of typical symptoms plus either elevated enzymes or diagnostic electrocardiogram changes (15) . Infarctions that required hospital admission and for which confirmatory information was obtained by interview or letter, but for which no medical records were available, were classified as probable. We included all confirmed (n = 4757) and probable (n = 1432) cases because results were similar when probable cases were excluded.
Deaths were identified by reports from next of kin, the US postal system, or by using certificates obtained from state vital statistics departments and the National Death Index. Follow-up for deaths was .98% complete (16) . Fatal CHD was categorized as "definite" only if confirmed by hospital record or autopsy report or if CHD was listed as the cause of death on the death certificate and there was evidence of previous coronary disease. If no medical records were available, we categorized persons in whom CHD was the underlying cause on the death certificate as "presumed" cases.
Data analysis
We evaluated the individual associations between variety and total quantity in fruit and vegetable intake in relation to CHD risk. Fruit and vegetable intake and the variety score were highly correlated (NHS and HPFS: r = 0.68, P , 0.001). Inclusion of both variables in a regression model may introduce multicollinearity and may artificially inflate the variance around the point estimate. We, therefore, regressed the variety score on the total amount of fruit and vegetable intake to estimate the variation in variety score that is independent of total quantity. We then evaluated the independent associations between residuals in variety score (quantity-adjusted fruit and vegetable variety score) with CHD.
Person-time was calculated from the return of the baseline questionnaire to the first CHD event (fatal CHD or nonfatal myocardial infarction), death, loss to follow-up, or the cutoff date (1 June 2008 in NHS and 31 January 2008 in HPFS), whichever occurred first. Each participant contributed only one endpoint and the cohort at risk of each 2-y follow-up period included only those who remained free of CHD at the beginning of each follow-up period. Participants who reported a diagnosis of cancer, cardiovascular disease, or diabetes or had a coronary artery surgery before completion of the baseline dietary questionnaires were excluded. Because of differences in sex, follow-up time, and the questionnaires in the 2 cohorts, all analyses were performed separately in each cohort to achieve better control of confounding. For the primary analyses, to obtain overall estimates for both sexes and to increase statistical power, the RRs from the age and multivariable-adjusted models from the 2 cohorts were combined with the use of an inverse variance-weighted metaanalysis by the fixed-effects model (17) .
Within each cohort, participants were divided into quintiles of cumulatively averaged quantity and quantity-adjusted variety in fruit and vegetable intake to reduce within-person variation and best represent long-term intake. The lowest quintile formed the reference category. Cumulative averages were computed by calculating the mean servings per day and variety from all available FFQs up to the beginning of a follow-up interval. Median values of intake for each of the quintiles were used to test FRUIT AND VEGETABLES AND CORONARY HEART DISEASE for a linear trend across the quintiles. Cubic splines with 4 kn were used to test for nonlinearity.
Cox proportional hazard models with time-varying covariates with age as the time scale were used for all analyses. In our multivariable model, we adjusted for several well established confounders of the association between diet and CHD. These include BMI, smoking status (never, past, or current 1-14, 14-25, or $25 cigarettes/d), physical activity (,3.0, 3.0-8.9, 9.0-17.9, 18.0-26.9, or $27.0 metabolic equivalents/wk), menopausal status (premenopausal, postmenopausal with no history of hormone therapy, or postmenopausal with current hormone therapy), parental history of early myocardial infarction (defined as infarction before age 65 y for a participant's mother or before age 55 y for a participant's father), multivitamin use (yes or no), aspirin use (yes or no), and alcohol intake (g/d). Because components of dietary patterns can confound the association between diet and disease (18), we also adjusted for several dietary covariates, including total energy intake (kcal/d), intakes of trans fatty acids (g/d), cereal fiber (g/d), red meat (servings/ d), and fish (servings/d). For each 2-y time period, we updated information on all nondietary covariates to account for changes in risk factors over time. For dietary covariates, we used the cumulative average of food intakes from baseline to the censoring events to best represent long-term diet and minimize within-person variation (19, 20) . Because the diagnosis of intermediate outcomes, including angina, coronary artery surgery or angioplasty, hypercholesterolemia, hypertension, or diabetes in a follow-up cycle resulted in a subsequent change in fruit and vegetable intake (data not shown), we stopped updating diet at the beginning of the interval in which they had the intermediate outcome (19, 20) . We did not include the diagnoses of these intermediate outcomes in our multivariate models as these may all be considered intermediate outcomes on the causal pathway between diet and CHD. To test the robustness of our results, we performed a number of sensitivity analyses. First, we continued updating diet through follow-up but censored participants with a coronary artery procedure or those who had a diagnosis of diabetes. We also included hypertension and hypercholesterolemia as covariates in our model. Second, to test whether our results were biased by stopping updating selectively, we examined the association between baseline diet and risk of CHD in both cohorts. Finally, we tested for potential effect modification by age, smoking status, multivitamin use, and presence of diabetes, hypertension, and hypercholesterolemia.
RESULTS
Baseline characteristics
During 24 and 22 y of follow-up in the NHS and HPFS, respectively, we documented 2582 incident cases of CHD among women and 3607 incident cases among men. Higher intakes of fruit and vegetables were associated with several healthy lifestyle characteristics at baseline, including, lower rates of smoking, higher rates of multivitamin use, higher physical activity, higher fruit and vegetable variety score, and higher intakes of cereal fiber and fish ( Table 1) . Quantity was positively associated with age. Participants with a higher quantity-adjusted variety score were less likely to smoke, were more physically active, and had higher intakes of fruit and vegetables, trans fatty acids, fish, and cereal fiber. Women with higher variety were more likely to be multivitamin and aspirin users ( Table 2) . Compared with the participants in the main cohort, women included in the current analysis were similar in age, BMI, and physical activity levels. However, there were more women in the current analysis who were current smokers, had hypertension, and had hypercholesterolemia. On the other hand, compared with men in the main cohort, men in the current analysis were slightly younger and were more physically active. There were also fewer men who had hypertension or hypercholesterolemia (see Supplemental  Table S3 under "Supplemental data" in the online issue).
Regression analysis
In pooled multivariable-adjusted analyses, higher intakes of fruit and vegetables were significantly associated with lower risk of CHD (RR for highest quintile: 0.83; 95% CI: 076, 0.91). (Table 3) . For total fruit and vegetables, the risk of CHD was 18% (95% CI: 11%, 24%) lower in the third quintile (w4 servings/d) compared with the first quintile, and higher intakes were not associated with further decreases in risk. We examined whether the significant associations with certain fruit and vegetable subgroups were due to chance. In the NHS, we found significant statistical heterogeneity in the association of fruit and vegetable subgroups with CHD (P , 0.01). However, in the HPFS, this association was more marginal (P , 0.1). We found no significant association between quantity-adjusted fruit and vegetable variety score and risk of CHD (RR for highest quintile: 1.05; 95% CI: 0.97, 1.13).
When we examined nonfatal myocardial infarction and fatal CHD separately, fruit and vegetable intake was significantly associated with nonfatal myocardial infarction (pooled RR for highest quintile: 0.81, 95% CI: 0.72, 0.91) and marginally associated with fatal CHD (pooled RR highest quintile: 0.88, 95% CI: 0.76, 1.02). On the other hand, quantity-adjusted fruit and vegetable variety score was not associated with either nonfatal myocardial infarction (pooled RR for highest quintile: 1.08, 95% CI: 0.93, 1.20) or fatal CHD (pooled RR for highest quintile: 1.01, 95% CI: 0.89, 1.14).
Our results remained robust in several sensitivity analyses. When we continued updating a participant's diet throughout follow-up but censored participants with a coronary artery procedure or a diagnosis of diabetes, and included hypertension and hypercholesterolemia as covariates, the association between fruit and vegetable intake and CHD was similar but somewhat attenuated (pooled RR for highest quintile: 0.90; 95% CI: 0.81, 1.00). When we used baseline diet instead of repeated dietary measures, the association between fruit and vegetable intake and CHD was also attenuated as a result of nondifferential misclassification but remained significant despite the greater misclassification of long-term diet (pooled RR for highest quintile: 0.86; 95% CI: 0.79, 0.94). When we only included confirmed FRUIT AND VEGETABLES AND CORONARY HEART DISEASE In pooled multivariable analyses, consumption of 4.0 to 4.9 servings/d was associated with a 16% (95% CI: 9%, 23%) lower risk of CHD. Higher intakes were not associated with appreciably lower risks. However, those consuming $8 servings/d had the lowest CHD risk (RR: 0.80; 95% CI: 0.72, 0.90, Figure 1 ). In the NHS, but not HPFS, we found that the association between fruit and vegetable intake and CHD was significantly nonlinear (P for curvature = 0.01; see Supplemental Figure S1 under "Supplemental data" in the online issue). Because the association appeared linear up to w5 servings/d, we estimated the risk associated with a linear increase in fruit and vegetable intake for up to 5 servings/d. With each serving of higher fruit and vegetable intake up to 5 servings/d (assessed as a linear trend), the multivariable adjusted RR for CHD was 0.91 (95% CI: 0.87, 0.94).
No significant interactions of variety score and fruit and vegetable intake with smoking, multivitamin use, presence of hypertension, hypercholesterolemia, or diabetes mellitus (P-interaction . 0.01 after adjustment for multiple testing) were noted. However, among women, we found a marginal interaction between fruit and vegetable quantity and presence of hypertension (P = 0.02). Fruit and vegetable quantity was significantly associated with risk of CHD among normotensive (RR for highest quintile: 0.71; 95% CI: 0.56, 0.90) but not hypertensive women (RR for highest quintile: 0.92; 95% CI: 0.77, 1.09). The proportional hazards assumption was met and no significant interactions were observed with age. 6 Results were combined with the use of a fixed-effects model. 7 Quantity-adjusted variety score was calculated by regressing fruit and vegetable intake (servings/d) on fruit and vegetable variety score (number of unique fruit and vegetables consumed at least once per week). All statistical tests were conducted by using Cox proportional hazards regression models.
DISCUSSION
In this prospective cohort study with .20 y of follow-up, we observed that higher quantity, but not variety, in fruit and vegetable consumption was associated with a lower risk of CHD. The inverse association with total quantity was independent of established dietary and nondietary cardiovascular disease risk factors.
Our findings are consistent with those of a meta-analysis of 9 prospective cohort studies in which the risk of CHD decreased by 4% (95% CI: 1%, 7%, P = 0.003) for each additional portion of fruit and vegetable intake (1). Similar to our results, a metaanalysis of 12 cohort studies showed that, relative to ,3 servings/d of fruit and vegetables, those consuming .5 servings/ d had 17% lower risk of CHD (95% CI: 11%, 23%; P , 0.001) (2) . In an earlier analysis within the NHS and the HPFS with 14 and 8 y of follow-up, respectively, each increase in fruit and vegetable servings per day was associated with a 4% lower risk of CHD (95% CI: 1%, 6%) (7). In the current updated analysis with longer follow-up and greater precision in dietary measurement due to repeated dietary measures, each increase of one serving per day in fruit and vegetable intake, overall, was associated with a 3% lower risk of CHD (95% CI: 2%, 5%). Similar to our previous analyses, we observed that the doseresponse relation between fruit and vegetable quantity and CHD risk was not entirely linear. Risk appeared to decrease linearly for intakes up to w5 servings/d (RR per serving: 0.91; 95% CI: 0.87, 0.94). Higher intakes did not appear to provide additional protection. To our knowledge, only one study examined the association between fruit and vegetable variety, independent of quantity, and CHD. After adjustment for quantity, Oude Griep et al (21) found no association between variety and 10-y incidence of CHD.
The null associations we observed with variety could mean that the putative effects of higher variety on lowering inflammation (22) are not large enough to translate into a lower risk of CHD. It may also be that the FFQ used in our study did not adequately capture variety because it only included, on average, 11 fruit items and 19 vegetable items. The differences in associations of the various fruit and vegetable subgroups with CHD risk may also explain the lack of an association with variety. Because we assigned equal weight to all fruit and vegetables in the variety score, one can increase CHD risk simply by displacing the more protective subgroups with the more neutral ones while keeping total fruit and vegetable intake constant. In addition, fruit and vegetable variety may have been underestimated in some individuals because our FFQ grouped certain fruit into one category (eg, apples or pears; kale, mustard, or chard greens). Finally, it may also be that absolute quantity is more important than higher variety in reducing CHD risk. However, because consumption of various fruit and vegetable subgroups, including citrus fruit, green leafy vegetables, and b-carotene-and vitamin C-rich fruit and vegetables, was significantly associated with a lower CHD risk, a simple and healthful way to increase quantity of consumption is to consume a variety of fruit and vegetables.
Several bioactive components in fruit and vegetables such as carotenoids, vitamin C, fiber, magnesium, and potassium may act synergistically or antagonistically through multiple mechanisms to promote a holistic beneficial effect on CHD risk. Consumption of fruit and vegetables has been shown to protect against the development of type 2 diabetes (23) and metabolic syndrome (24), both of which are known intermediaries and strong risk factors for the development of CHD. Most recently, variety in fruit and vegetable intake, in addition to quantity, was associated with a reduced risk of type 2 diabetes (25). Greater fruit and vegetable variety might allow exposure to a greater range of antioxidants, which may improve markers of endothelial dysfunction (26) and inflammation (27) . For example, in a crosssectional analysis of Puerto Rican adults, those in the highest tertile of fruit and vegetable variety had a 32% lower odds of elevated C-reactive protein compared with participants with the least variety (22) . Clinical trials and prospective analyses have consistently shown that diets high in fruit and vegetables reduce the incidence of hypertension, another intermediary in the development of CHD (28, 29) . Higher fruit and vegetable consumption is also associated with lower concentrations of total and LDL cholesterol in a dose-response manner (30, 31) .
The large sample size, the long follow-up period, and presence of updated dietary and covariate data are unique strengths in our study. In addition, we were able to assess the independent relations of fruit and vegetable quantity and variety with CHD risk. However, our results need to be interpreted in the context of a few limitations. First, participants in our study may be dissimilar to those living in the general population. For example, mean fruit and vegetable intake in our population (4.7 servings/d) was much higher than national estimates (3.0 servings/d) (32) . However, the consistency of our findings with previous publications and the existence of strong biological mechanisms make these FIGURE 1. RRs (95% CIs) for coronary heart disease according to servings of fruit and vegetables in women and men combined. Multivariable RRs were adjusted for age (y), calendar year, BMI (10 categories), total energy intake (quintiles of kcal), smoking status (never, past, and current 1-14, current 15-24, associations plausible in other population and ethnic groups. Second, although we were able to carefully adjust for known dietary and lifestyle risk factors, residual confounding remains a possibility because of the observational nature of this study. Finally, because diet was self-reported and assessed by FFQs, some measurement error and misclassification was inevitable. However, FFQs used in these studies were validated against multiple diet records (10, 13). Use of repeated measures of diet to calculate cumulative averages would minimize any potential random measurement error caused by within-person variation and would accommodate diet changes over time.
In conclusion, in this large study of US men and women, we found that higher intakes of fruit and vegetables were associated with a lower risk of CHD. Although no associations were observed with variety, the high correlation between variety and quantity combined with our finding that higher intakes of various fruit and vegetable subgroups were associated with lower CHD risk underscores the importance of consuming a varied diet. Public health recommendations and policy efforts should continue to focus on increasing overall quantity and variety in fruit and vegetable intake.
